| INTRODUCTION
Chronic constipation is a common, self-reported, symptom-based disorder, which can significantly impact on an individual's healthrelated quality of life. 1 The Patient Assessment of ConstipationSymptoms (PAC-SYM) questionnaire, developed through psychometric evaluation of adults with chronic constipation, has emerged as an important tool for assessing the severity of patient-reported symptoms of this disorder. 2 The 12-item questionnaire is divided into three symptom subscales: abdominal (four items); rectal (three items); and stool (five items). Items are scored on 5-point Likert scales, with scores ranging from 0 to 4 (0 = 'symptom absent', 1 = 'mild', 2 = 'moderate', 3 = 'severe' and 4 = 'very severe'). A mean total score in the range of 0-4 is generated by dividing the total score by the number of questions completed; the lower the total score, the lower the symptom burden.
Observational data have shown the PAC-SYM to have internal consistency, test-retest reliability and concurrent validity, and to be responsive to change over time. 2 As such, the questionnaire is increasingly being used as a patient-reported outcome measure in clinical trials of constipation. Over 18 clinical studies have used the PAC-SYM, since its validation in 1999: 14 of these have been reported since 2010. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] Moreover, these trials have examined a range of interventions including sacral nerve stimulation, 20 lifestyle changes 19 and pharmacological agents. 6, 11 Historically, a reduction in total score of 1 point or more has been used as the cut-off to define a positive response to treatment, 2 implying that this is a meaningful improvement. However, this cut-off value was determined without formal appraisal of its clinical relevance and could overestimate responder levels if too low or, if too high, may exclude a substantial proportion of patients who do respond favourably to the intervention in question. In an integrated analysis of six clinical trials examining data from over 2400 patients with chronic constipation, patients' mean baseline total PAC-SYM score was determined to be 1.9. 21 Therefore, a reduction of 1 point or more would represent a substantial reduction in symptoms, and thus using this cutoff to define responders may impose too high a threshold, possibly underestimating the number of patients benefiting from treatment. It would therefore be useful to determine the smallest level of change that is perceived by patients as being beneficial, or that will lead the clinician to consider a change in treatment. This level of change is known as the minimal important difference (MID). 22 The aim of this study was to estimate the MID in total and subscale PAC-SYM scores and the optimum cut-off for defining responders, using data from six international phase 3 and 4 clinical trials of patients with chronic constipation.
| MATERIALS AND METHODS

| Study design and patient population
This analysis used integrated data from six phase 3 and 4, multicentre, double-blind, randomised, placebo-controlled, parallel-group trials of the efficacy and safety of prucalopride in patients with chronic constipation, performed across three continents ( [NCT00488137]). 11, [23] [24] [25] [26] [27] The designs of these trials were similar and have been described in detail previously. 11, [23] [24] [25] [26] [27] In brief, all trials included adults with chronic constipation, defined as ≤2 spontaneous bowel movements per week for >6 months, with hard or very hard stools, a sensation of incomplete evacuation, or straining during defecation in >25% of bowel movements. Patients were excluded if they were considered by the investigator to have drug-induced constipation, or constipation secondary to, for example, endocrine, metabolic or neurological disorders, or surgery.
For the current study, integrated data from patients receiving all doses of prucalopride (≤4 mg/day) and those receiving placebo were analysed. Week 4 data were analysed because the amount of available data was greatest at this time point after baseline.
| Statistical analysis
| Estimating the MID
There are several methods for determining the MID; these can largely be clustered into anchor-based and distribution-based approaches. 28 The relative merits of these two approaches have been described previously 29 and are summarised in the discussion. and on data from patients' daily diaries of bowel movements;
anchors are described in detail in Table 2 . For each anchor question, the mean (AEstandard deviation) change from baseline to week 4 of treatment in total PAC-SYM score and subscale scores were calculated for all patients exhibiting the selected clinically important anchor value. For example, for patients who described their severity of constipation as 'moderately severe', that is, the selected anchor response on this question, the mean AE standard deviation change in total PAC-SYM score was determined. All analyses were based on integrated data from the six clinical trials; additional analyses were performed for each of the individual studies.
For exploratory purposes and for completeness, distributionbased methods were also used to estimate the MID. Different researchers have suggested that specific multiplications of the standard deviation, or the standard error of the mean (SEM) may approximate the MID for patient-reported outcome instruments. 28, 30 We used the SEM approach, which calculates the MID as SD base 9 √(1 -r xx' ), where SD base is the baseline standard deviation of the sample and r xx' is the reliability coefficient, and two standard deviation approaches: 0.5 9 SD base and 0.2 9 SD base .
| Estimating responsiveness using the receiver operating characteristics curve
In addition to estimating the MID, receiver operating characteristics (ROC) curve analyses were performed to derive the cut-off value for the change in total PAC-SYM score that resulted in maximum predictive accuracy in terms of discriminating between responders and non-responders, in relation to each anchor.
Each point on a ROC curve represents the sensitivity (a measure of how well PAC-SYM responders are identified) and specificity (a measure of how well PAC-SYM non-responders are identified) of a particular cut-off value. The area under the curve expresses the test accuracy; an instrument that perfectly discriminates between responders and non-responders has an area under the curve of 1, and an instrument with no discriminating power has an area under the curve of 0.5. The higher the sensitivity and specificity, the higher the overall accuracy of the instruments; 31 the optimum cut-off value is defined as that corresponding to the point at which both sensitivity and specificity are maximised. ROC curves were generated for each of the five anchors outlined in Table 2 . For each anchor, a binary response (responder/non-responder) was defined (Table 2) , and the sensitivity and specificity of the optimal cut-off values were estimated. To evaluate the performance of the anchor-based estimate of the MID, sensitivity and specificity were also calculated when using values determined in the first analyses as the cut-off points. Data analysis was performed using STATISTICAL ANALYSIS SYSTEM version 9.4 (Cary, NC, USA).
| RESULTS
Week 4 PAC-SYM data for 2884 patients were available and included in the analyses. Of these patients, 2263 (78.5%) were T A B L E 2 Definition of anchors used for determining the minimal important difference, and associated binary grouping of patients used for ROC curve analyses 3.1 | Anchor-based estimates of the MID Figure 1 shows the estimated MIDs for the total PAC-SYM score for each of the five anchors; overall, the anchor-based MID estimates fell within a small range (from -0.52 to -0.63; Figure 1A ). Looking at the MIDs estimated for each of the six individual trials, ranges were remarkably small for the moderate global efficacy of treatment (from -0.53 to -0.66) and moderately severe constipation anchors (from -0.48 to -0.58), and were slightly larger for anchors concerning the number of and change in the number of spontaneous complete bowel movements per week ( Figure 1B and Table 3 ). There was no obvious influence of study location on the estimated MIDs; the results from the study conducted in Asia were within the same range as those from studies conducted in the USA and Europe.
When considering individual PAC-SYM subscales, the MIDs were generally similar across these subscales, and followed a similar pattern to that seen for the total score ( Figure 2) . However, the MIDs for the rectal symptom subscale were consistently slightly lower than those for the abdominal and stool subscales. Table 4 ). The same pattern was seen for distribution-based estimates of the MIDs for PAC-SYM subscales, although these were slightly higher than for the total PAC-SYM score MIDs (Table 4 ).
| ROC curve estimates of responsiveness
Optimum cut-off values for discriminating responders from nonresponders derived from ROC curve analyses were slightly lower than the anchor-based estimates of MIDs, but in a similar range (from -0.37 to -0.58 vs from -0.52 to -0.63 respectively) ( Table 5 ).
The specificity and sensitivity of all MIDs were good, at 59% and over, indicating that the anchor-derived MIDs were close to optimal.
| DISCUSSION
This study is the first to estimate the minimal change in total PAC-SYM score that would be meaningful for patients with chronic constipation, based on clinical trial data. Our results were remarkably consistent across all five anchors, estimating the MID to be approximately -0.6 on this 5-point scale. This value was close to the optimal cut-off score for responder discrimination in the population studied.
The PAC-SYM is increasingly being used as a patient-reported outcome measure in clinical trials of patients with constipation.
Assessment of patient-reported outcomes allows the patient's perspective to be evaluated in a quantifiable manner. For many chronic diseases, assessments of disease activity and/or severity rely largely on symptoms; patient-reported outcomes are thus one of the most T A B L E 3 Estimates of the minimal important differences based on data from six randomised controlled trials, using five anchors defined by expert consensus | 1107 important means of evaluating the effectiveness of treatments and disease progression. 28 To be useful, patient-reported outcome measures must be both reliable and valid. 32 Validity describes the degree to which the instrument measures what it is designed to measure.
Responsiveness to change is an aspect of construct validity, and it is essential to have evidence supporting the responsiveness of a patient-reported outcome measure in the clinical trial setting. 28 The MID, defined as the smallest level of change in a patient-reported outcome score that is perceived by patients as beneficial or harmful, 22 can be seen as a measure of responsiveness.
There is no gold standard method for calculating the MID; several methods have been used, which can result in a wide range of estimates. 33 Methods can largely be classified into anchor-and dis- assuming that the MID is related to the distribution of observed scores in a relevant sample. This approach has been criticised for its arbitrariness, and because it is so heavily influenced by the heterogeneity of the population being studied. 30 Furthermore, while, for example, a magnitude of change of 0.5 SD of a sample will probably be meaningful, it provides no direct information about the minimal difference that is important to patients. Using a very strict estimate of the MID may lead to success being defined as something unachievable for a substantial proportion of patients, whereas using a lenient MID could lead to overestimation of the responder rate.
Therefore, it has been recommended that distribution-based measures are used only to provide supportive information for anchorbased estimates of the MID; generating an overall body of evidence and agreeing on an MID or a small range of MIDs is generally acknowledged to be the most appropriate strategy. 28, 29, 34 Using five anchors chosen by expert consensus, we found that the resulting MIDs were within a remarkably small range (all approximately -0.6), despite the variety of anchors used. As expected, distribution-based estimates were much lower than anchor-based estimates of the MID but, as noted above, distribution-based values should be used only as supporting evidence. Furthermore, ROC curve analyses yielded PAC-SYM cut-off scores for discriminating between responders and non-responders that were remarkably similar to anchor-based estimates of the MID. We can therefore be confident that our estimate of the MID as -0.6 is appropriate and likely to be useful for discriminating between responders and non-responders in clinical practice. Even more encouraging, is the finding that a drop of 0.6 on a 5-point scale represents a 12% reduction in Another point for consideration is the relative contributions of the individual PAC-SYM subscales. Interestingly, the estimated MIDs were consistently smaller for the rectal subscale than for the stool and abdominal subscales. This may be because rectal symptoms are not reported by many patients, 2 or because low levels of these symptoms are significant to patients with chronic constipation, and therefore patients find small improvements in symptoms to be meaningful. In a recent study examining the psychometric properties of a modified version of the PAC-SYM questionnaire that excluded one rectal subscale item, the authors estimated the MID to be -0.24; 36 however, this study analysed data from only 42 patients, and therefore cannot be directly compared to our large-scale study.
Furthermore, it should be borne in mind that a potential limitation arises when anchoring subscales against global measures, because this assumes that the global change applies equally to all subscales, which may not necessarily be the case.
The strengths of our study lie in the large sample size and the use of data from trials with similar designs, which were conducted in several locations throughout the world. The choice of methodology and, within anchor-based approaches, the choice of anchor(s) will remain a point for discussion until a consensus regarding best practice for determining the MID is reached. Nevertheless, the fact that our results were highly consistent despite the different methodologies used, and are intuitively correct based on clinical experience, indicates that our estimate of the MID is likely to be reliable.
In conclusion, the PAC-SYM is increasingly being used in a broad variety of trials in constipation, and estimating the MID is an important step in the continued validation of this patient-reported outcome measure. We suggest that an MID of -0.6 would be an appropriate, sensible cut-off value in clinical practice, and that -0.75
should be used in placebo-controlled clinical trials, based on the consistent results obtained with a variety of methods. 
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